Transcranial Doppler ultrasound monitoring of cerebral blood flow velocity (CBFV) was performed on 17 children (age range 8 days to 6 years) with pyogenic meningitis. Serial measurements of the peak systolic, end diastolic, mean flow velocity, and resistance index (equal to peak systolic velocity minus end diastolic velocity divided by peak systolic velocity) were obtained over the period of their hospital admission. In ali 16 survivors there was a significant decrease in the final resistance index compared with the initial resistance index due to a significant increase in the end diastolic velocity. There was a significant increase in the final mean flow velocity. In four patients the decrease in intracranial pressure and increase in cerebral perfusion pressure after mannitol infusions was accompanied by a corresponding decrease in resistance index and increase in mean flow velocity. A pressure passive CBFV response with a significant linear correlation for resistance index/mean arterial pressure may suggest a loss of cerebrovascular autoregulation. These results suggest that in the early phase increased cerebrovascular resistance may contribute to a relative impairment of cerebral perfusion. Non-invasive monitoring by transcranial Doppler ultrasound may be helpful for early detection of deterioration in cerebral haemodynamic trends.
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Transcranial Doppler ultrasound monitoring of cerebral blood flow velocity (CBFV) was performed on 17 children (age range 8 days to 6 years) with pyogenic meningitis. Serial measurements of the peak systolic, end diastolic, mean flow velocity, and resistance index (equal to peak systolic velocity minus end diastolic velocity divided by peak systolic velocity) were obtained over the period of their hospital admission. In ali 16 survivors there was a significant decrease in the final resistance index compared with the initial resistance index due to a significant increase in the end diastolic velocity. There was a significant increase in the final mean flow velocity. In four patients the decrease in intracranial pressure and increase in cerebral perfusion pressure after mannitol infusions was accompanied by a corresponding decrease in resistance index and increase in mean flow velocity. A pressure passive CBFV response with a significant linear correlation for resistance index/mean arterial pressure may suggest a loss of cerebrovascular autoregulation. These results suggest that in the early phase increased cerebrovascular resistance may contribute to a relative impairment of cerebral perfusion. Non-invasive monitoring by transcranial Doppler ultrasound may be helpful for early detection of deterioration in cerebral haemodynamic trends. Accepted 26 August 1992 Bacterial meningitis is one of the most serious diseases in early childhood with a reported overall mortality rate of 8-6% in the first year of life.' Although mortality rates have improved, there is still a considerable long term morbidity ranging from 10 to 15%.2 Impaired cerebral perfusion resulting from a variety of factors plays an important part in the pathogenesis of cerebral injury in meningitis.3 A minimum cerebral perfusion pressure of 30 mmHg was found to be an important factor for survival in children who were comatose from severe central nervous system infection.4 5 Minns et al have reported increased cerebrospinal fluid pressure to be a common accompaniment of pyogenic meningitis. 6 Increased intracranial pressure is likely to be an early feature in the pathophysiology of pyogenic meningitis' 5 and contributes to reduced cerebral perfusion pressure. Cerebral infarction and oedema, shown by computed tomography, were reported to be predictive of a poor outcome whereas enlarged ventricular and subarachnoid spaces and subdural effusions were ofno predictive value.7 Monitoring cerebrohaemodynamic changes may be important for early detection of cerebral perfusion compromise with the aim of preventing further cerebral insult.
Although there are a number of techniques available to measure cerebral perfusion, most are either invasive or not practical for continuous monitoring purposes. Transcranial Doppler ultrasound provides a non-invasive means of measuring cerebral blood flow velocity (CBFV) in the basal cerebral arteries.8 Analysis of changes in the CBFV waveforms has been widely reported in a number of clinical disorders such as hydrocephalus,9-11 subarachnoid haemorrhage,'2 brain stem death,13 and neonatal cerebrohaemodynamics and in normal neonates. '4 There have, however, only been two published reports on CBFV changes in childhood meningitis.5 16 McMenamin and Volpe reported a depressed mean-flow velocity associated with increased intracranial pressure in four older infants (mean age 5 75 months) during the initial phase of the illness. 15 In contrast, decreased mean flow velocity and increased intracranial pressure were not present in their four newborn patients. Bode and Harders, however, reported a marked (up to fivefold) and persistent increased mean flow velocity in the middle cerebral artery in three of their 14 patients with meningitis, which was attributed to significant vessel narrowing causing secondary ischaemic damage as these patients had a poor outcome. 6 The moderately increased flow velocities in the 11 patients with a favourable outcome was ascribed to increased cerebral blood flow.
With increased distal resistance to flow, the Pourcelot resistance index increases steadily as the diastolic velocity decreases,'7 for example, with steady increase in intracranial pressure in hydrocephalic children," and with intracranial circulatory arrest when intracranial pressure approaches the systemic diastolic blood pressure, diastolic CBFV approaches zero.'3 The resistance index was also significantly related to increased intracranial pressure in comatose adults'8 and to reduced cerebral perfusion pressure due to increasing intracranial pressure in an experimental animal model. '9 Changes in mean flow velocity may, however, be due to changes in mean volume flow20 or due to alteration in the calibre of the insonated vessel as a result of vasospasm or stenosis. After a subarachnoid haemorrhage, a mean flow velocity <120 cm/s is suggestive of significant vasospasm accompanied by low volume flow. 12 With the obvious practical advantages of Factors known to influence the CBFV waveform include the distal impedance to flow, the carbon dioxide tension (Paco2), the calibre of the insonated blood vessel, and the input from the systemic circulation. In this study Paco2 measurement was not carried out in most of the patients as they did not require ventilatory support; these patients were studied under quiet bedside conditions, breathing spontaneously in room air. In those who were ventilated, Paco2 was maintained within the normal range (3 5-5-5 kPa). None of our patients had a patent ductus or other congenital heart lesion.
ulated by sottware in CBFV INDICES iod allows accurate As a ratio, the resistance index, which is equal to be made while to the peak systolic velocity minus end diastolic ise in the spectrogram velocity divided by the peak systolic velocity, by patient or probe adapted as an index of cerebrovascular impedance, minimises the error due to a varying angle of insonation. (table 3) . There was a highly significant decrease in resistance index (p<0-001) from 
, only flexing to pain with upward ocular deviation. An emergency computed tomography scan was reported to show only mildly prominent ventricles with mild communicating hydrocephalus, no focal lesions, and no evidence on scan of significant cerebral oedema or increased intracranial pressure. Her initial resistance index of 0 73 was markedly increased, however, and the initial mean flow velocity of 46-3 cm/s was also much reduced for her age. Lumbar puncture was performed with caution using the technique as described; the opening cerebrospinal fluid pressure was increased at a mean of 28 mm Hg with C waves and a wide pulse pressure, and the cerebral perfusion pressure was only 37 mm Hg. The spinal needle was removed only when the cerebrospinal fluid pressure had decreased gradually to 6 mm Hg over an hour with mannitol infusion and frusemide, and intermittent small incremental drainage of cerebrospinal fluid. Twelve hours later at repeat lumbar puncture, the cerebrospinal fluid pressure had decreased to 10 mm Hg, the resistance index had decreased to 0-51, and the mean flow velocity was 132-3 cm/s. Figure 3 shows the cerebrospinal fluid pressure recordings, cerebral perfusion pressure, and corresponding CBFV indices at the initial and repeat lumbar puncture 12 hours later.
Overall in these four patients there was a significant correlation between resistance index and intracranial pressure (r=0-81; p<005), resistance index and cerebral perfusion pressure (r=-0 9; p<0-01), and mean flow velocity and cerebral perfusion pressure (r=0-88; p<001). There was no significant correlation between resistance index and mean arterial pressure, or mean flow velocity and mean arterial pressure. PRESSURE 109. 
a significant increase in the end diastolic velocity with no significant change in the peak systolic velocity. The increased resistance index was thus mainly due to a decreased end diastolic velocity, most likely reflecting increased distal cerebrovascular resistance. This supports the view that in the initial phase increased intracranial pressure is a significant contributing factor to compromised cerebral perfusion through increased cerebrovascular resistance. Lundar In summary, we report that improvement in cerebral blood flow velocity with decreased resistance index due to increased end diastolic velocity and increased mean flow velocity occurs with resolution of pyogenic meningitis. This suggests that relatively decreased perfusion may occur during the acute phase in children with meningitis who are only moderately ill. Increased intracranial pressure causing increased cerebrovascular resistanceis likely to be a significant contributing factor. There was no difference in CBFV patterns of neonates or older infants and children, emphasising that equally careful attention to factors which influence cerebral perfusion is required for neonatal patients who generally have a much poorer outcome.' Loss of cerebrovascular autoregulation as shown by a pressure passive CBFV response may be a poor prognostic indicator. We suggest that transcranial Doppler ultrasound can be a useful non-invasive method of monitoring cerebral haemodynamic changes in children with meningitis.
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